The objective of this study is to make a detailed analysis of the total factor productivity of the banks operating in the 
Introduction

1.
Globalization means that large international corporations operate in almost every country in the world. This increases the intensity of competition in industry. International banks are active in different countries is a good example of this situation. As of 2014, there are 51 banks operating in the Turkish banking system. Of them, 34 are deposit banks, 13 are development and investment banks, and 4 are participation banks. At present, banks in Turkey have 11,223 branches, and 200,886 personnel are employed by these banks (www.tbb.org.tr).
The effective and productive operation of the banking system is of particular importance from the perspective of the economy. This stems from the fact that, being different from other sectors in the economy, the banking sector assumes the function of a financial intermediary that determines allocation of resources. From this perspective, the banking system takes a central role in the development of nations. It is impossible to talk about effectiveness or productivity of a banking system that cannot turn savings into investments. Therefore, conducting a performance analysis of banking system (analyzing its effectiveness and productivity) is of the utmost importance (Ekren and Emiral, 2002: 1) .
One of the important criteria that is used in measuring the performance of a firm or industry is the change in total factor productivity. When it comes to productivity, one should consider the total factor productivity that consists of all the production factors in the production process. Other traditional criteria of productivity are the ones that are known as partial productivity criteria such as labor productivity and land productivity. When partial productivity measures are used separately they can give inaccurate information about the total factor productivity. Dealing with total factor productivity and trying to measure the change in total factor productivity gives more consistent results since change in total factor productivity is twofold and encompasses technical efficiency and technological change (Deliktas, 2002: 248) .
The literature contains very different approaches to defining and measuring total factor productivity. These approaches are differentiated by the level at which productivity is measured by the objective of the measurement and by definitions of inputs and outputs. They are also differentiated by the databases available (Buyükkilic and Yavuz, 2005: 17) . The most widely used methods for measuring the changes in total factor productivities are Stochastic Production Frontier Analysis and Data Envelopment Analysis (DEA). Both approaches are based on the assumption that some firms do not use their resources effectively, and some firms operate on the production frontier defined by the "best use" of technology. The stochastic frontier approach uses econometric methods, whereas a non-parametric approach, DEA, uses mathematical (linear) programming methods. Both methods use the Malmquist productivity index (Deliktas, 2002: 248-249) . Banking sector plays an important role on global financial crises all over the world. The Turkish banking sector has significantly changed especially after the 2001 economic crisis. The efficiency of the Turkish banking sector has also directly an important impact on the Turkish economy. In this respect, the efficiency analysis of the Turkish banking sector may provide a valuable information for the future position of the corresponding sector.
DEA is one of the non-parametric efficiency measurements methods developed to measure the relative efficiencies of economic units that are similar to each other with respect to products and services they produce (Boussofiane and Rhodes, 1991) . DEA, which was initially used to compare the efficiencies of nonprofit public enterprises, later began to be used widely to measure the technical efficiency differences of for-profit manufacturing and services sector firms.
This study measures total factor productivity and its constituents, technical efficiency and technological change, using the Malmquist Total Factor Productivity Index. Its fundamental objective is to analyze the total factor productivity of the Turkish banking industry between 2003 and 2014. Within this context, total factor productivities and technical efficiency change as well as technological change, which are the sources of them, of the firms operating in the Turkish banking industry have been brought to the fore and the factors that cause to unproductivity have also been determined.
This study has six sections. The second section is a literature review. The third section deals with methodology. The fourth section evaluates the data and variable definitions, and the fifth section summarizes and interprets the estimation results. The final section draws conclusions from the results.
Literature Review 2.
Many Turkish and foreign studies measure the total factor productivity of banking systems. Here, we summarize some of this research. Fukuyama (1995) studied the productivity of the Japanese banking industry between 1989 and 1991 . Tatje and Lovell (1996 explored total factor productivity between 1986 and 1991 in Spain. Alam (2001) investigated the total factor productivity of the US banking industry. Drake (2001) examined the productivity of British banking sector between 1984 and 1995. Sathye (2002) examined the productivity of 17 banks in Austria's banking system between 1995 and 1995. Vivas and Humphrey (2002) analyzed Spanish banking productivity between 1986 and 2001. Asmild et al. (2004) worked on the productivity of Canadian banking industry between 1981 and 2000. Casu et al. (2004) compared the productivity of the banking industries in Germany, France, the UK, Spain, and Italy between 1993 and 1997. Galagedera and Edirisuriya (2004) analyzed the productivity of India's banking sector between 1995 and 2002. Sturm and Williams (2004) There are numerous studies that use the Malmquist total factor productivity index to examine Turkey's banking sector in different years. Jackson et al. (1998) studied the total factor productivity of Turkish commercial banks between 1992 and 1996. Cingi and Tarim (2000) examined the Turkish banking industry's performance between 1989 . Isik and Hassan (2003 and Karacabey and Aslan (2004) studied productivity levels from 1992 to 1996 and from 1997 to 2000, respectively. Bast (2005) examined the effect of the 2001 financial crisis on productivity. Turker, Kaya and Dogan (2005) 
Methodology
3.
In this section, we analyze the Malmquist Total Factor Productivity Index method that we used to calculate productivity of banks that are actively operating in Turkish banking sector.
One of the methods commonly used to estimate the distance functions required for the calculation of the Malmquist total factor productivity index is the data envelopment analysis . DEA is a non-parametric method, which benefits from mathematical linear programming problem.DEA is a methodology, that aims to construction of best production frontier or substitute the regression space that will best fit the data center with a linear partial surface that will contain extreme values, without imposing any restrictions on the production technology (Arnade, 1994: 8) .
The first company-specific Malmquist productivity index was developed by Caves et al. in 1982 . The index is named after Steven Malmquist, who defined the input amount indices as the ratio of distance functions. The Malmquist indices are made up of distance function ratios that are used to model the production frontier. Caves et al. defined the Malmquist index as a theoretical index and showed that under certain conditions the Törnqvist index could be derived from this theoretical index. To define the Malmquist productivity index it is assumed that in the time interval t= 1,…,T, conversion of inputs into outputs shapes the production technology . Based on Shephard (1970) and Fare et al. (1988) , the output distance function at time t is defined as below (Grosskopf, 1993: 175) :
The value that the distance function takes is equal to one if the vector is on (production frontier) . It is greater than 1 if the vector defines a technical non-efficient point in , and it is less than 1 if the vector defines an impossible point outside of (Cingi and Tarim, 2000: 10) .
To define the Malmquist productivity index it is necessary to define two different distance functions for the periods t and t+1 (Grosskopf, 1993: 175-176) .
(2) (3)
Distance function number 2 measures the maximum proportional change in the output to realize in the technology in period t, whereas distance function number 3 measures the maximum proportional change in the output to realize in the technology in period t +1. he Malmquist productivity indices for the t and t+1 technology levels are presented below: (5) Fare et al. (1989) took the geometric average of indices given in number 4 and number 5 and obtained this output oriented Malmquist index (Grosskopf, 1993: 177) :
An M0 index of 1 shows that total factor productivity increased from period t to period t+1. Conversely, when this value is less than 1, it indicates that total factor productivity decreases from period t to period t+1 (Coelli, 1996: 28) .
Dividing the Malmquist total factor productivity into technical efficiency change and technological change helps to determine the contribution of each factor to the total factor productivity. When the equation is divided into two sections, it is possible to measure the change in efficiency and the change in technology separately. 
The change in technical efficiency is seen as a catching-up effect on the production frontier, while technological change is assessed as the frontier effect (a shift in production possibilities line) (Mahadevan, 2002: 590) . The multiplication of technical efficiency change (TEC) by technological change (TC) yields the Malmquist total factor productivity index (Kok and Simsek, 2006: 5) . In order to calculate the productivity of any country k' in the periods t and t+1, four distance functions ( , , , ) should be calculated, and this requires solving four linear programming problems. The LPs that will be needed under the assumption of constant returns with respect to scale are the followings (Fare et al., 1994: 75) :
The four LP problems below should be solved for each of the decision-making types in the example. Therefore, if there are 20 decision-making units and two periods, then 80 LP problems should be solved. Thus, in the presence of T time periods and I decision making units, the number of LP problems that should be solved is Ix(4T-2) (Coelli et al., 2005: 295) The number of linear programming that should be solved in our study is LP=42 x (4.12-2)=1932.The four systems below require that 1932 linear programming models be solved. These solutions help us determine the productivity level of each bank and sources of changes in these productivity levels.
If the technical efficiency index has a value greater than 1, it indicates that the decision-making units are able to adapt to global technologies and internalize them. The technical efficiency change index can be separated into the two components of pure efficiency change and scale efficiency change. This means that TEC=PEC x SEC. The first index means better use of existing production factors, while the second shows whether the decision-making units produce at the optimal scale or not. Both index values being greater than 1 indicates improvement, and both being less than 1 indicates decline. The technological change index expresses the change in the best production frontier. When this index is greater than 1 this shows an upward shift in the production frontier. The total factor productivity change index does change with respect to these two indices. This means that TFPC=TEC x TC (Deliktas, 2006: 17) .
A total factor productivity change index greater than 1 indicates an increase in the total factor productivity, and this index being less than 1 indicates a decrease in the total factor productivity. Technical efficiency change can be divided into pure efficiency change and scale efficiency change. Scale efficiency change indicates decision-making units' success at producing at the appropriate scale (Deliktas, 2002: 263) .
Due to the difficulty of calculating distance functions under the assumption of returns that are changing with respect to scale, the Malmquist TFP index may not accurately measure the changes in total factor productivity all the time. Hence, the indices obtained might not reflect total factor productivity gains and losses arising from scale efficiency in an appropriate way. Therefore, in order to estimate the distance functions used in calculating the Malmquist total factor productivity index, it is assumed that technology registers constant returns with respect to scale (Coelli et al., 2005: 224 For this reason, when making a comparison between economic performances of banks, we preferred technical efficiency and total factor productivity indices that were obtained under the assumption of constant returns with respect to scale.
In this study, the Malmquist Total Factor Productivity Index method was constructed for each of the years separately, and technical efficiency change, technological change and total factor productivity change indices were calculated with the DEAP 2.1 software that was developed by Coelli (1996) .
Data and Variables 4.
The inputs and outputs used in productivity analyses define the results. In order to decide on the inputs and outputs that would be used in this research, we analyzed the inputs and outputs used in the other studies in the literature. The input and output variables of this study were taken from the statistical reports, entitled Our Banks,, which are published every year by the Banks Association of Turkey (www.tbb.org.tr).
The data set includes the banks that were active in all the years from 2003 to 2014. The banks that were used as the data set in the study and other banks included in the implementation section of this study and their codes are presented in Table 1 Including newly opened and closed banks, total of 55 banks were active between 2003 and 2014. Of these banks, 42 banks were active throughout this period and were therefore included in these analyses. The banks are in alphabetical order, and each bank was assigned a code in the table below. The data set of our study consists of 504 observations obtained in 12 years for the 42 banks. Benefitting from the other studies in the literature, we used total loans and total deposits as the output variables and total assets, number of branches and number of employees as the input variables.
Empirical Findings 5.
In this section we use the Malmquist Total Factor Productivity Index method to calculate technical efficiency change, technological change and total factor productivity change indices for the Turkish banks that were active in all the years from 2003 to 2014 in Turkey. In addition, we deal with sources of total factor productivity and technical efficiency change in detail. In the tables analyzing the total factor productivity we used geometric averages as the average value.
In order to convert the figures into percentages in the tables where the Malmquist total factor productivity index results are presented, 1 should be deducted from each number in the table and the results should be multiplied by 100. Table 2 shows the total factor productivity changes and sources of this change for the period between 2003 and 2014. Table 2 shows that from 2003 to 2014, there was an average of 5.2% increase in the total factor productivities of the banks. The two sources of this increase are a 2.5% average increase in the technical efficiency change index and a 2.7% increase in the technological change index. In the same period, sources of the 2.5% positive technical efficiency change are an annual average of 1.1% positive pure efficiency change and an annual average of 1.4% positive scale efficiency change. In other words, banks managed their current production factors well and operated at the optimal production scale. Except for 2006-2007, 2010-2011 and 2013-2014 , in all other years there was an increase in total factor productivity. For all the banks, the biggest total factor productivity increase was registered in 2003 and 2004 with the annual average of 14.9%. We can say that source of this increase were an average 14.2% increase in the technical efficiency change index and a 0.7% increase in the technological change index. For the same period, the biggest total factor productivity decrease was observed in 2006-2007 with an annual average of 0.8%. We can say that the sources of this decrease were an average 13.1% increase in the technical efficiency change index and a 12.3% decrease in the technological change index. The sources of positive technical efficiency change, which had an annual average of 13.1% between 2006 and 2007, were the annual average of 19.1% positive pure efficiency change and the annual average of 6% negative scale efficiency change. Table 3 shows the total factor productivity changes and their causes for 2003 to 2014. Table 3 shows that there was total factor productivity increase in 24 banks between 2003 and 2014, whereas there was a total factor productivity decrease in the remaining 18 banks. The largest total factor productivity decrease was observed in Arab Turkish Bank Inc. with an annual average of 15.2%. The causes of this decrease are the 15.6% decrease in the technical efficiency change index and the 0.4% increase in the technological change index. On the other hand, sources of the 15.2% annual average negative technical efficiency change of Arab Turkish Bank Inc. in the period between 2003 and 2014 are an annual average of 2.1% negative pure efficiency change and an annual average of 13.1% negative pure efficiency change. This means that Arab Turkish Bank Inc. could not use its production factors well and did not perform at the optimal production level. In the same period, the biggest total factor productivity increase was observed with Turkish Bank Inc. by annual average of 39.4%. The sources of this increase are average of 18.6% increase in technical efficiency change and 20.8% increase in technological change index. Table 4 presents the total factor productivity changes of the public-capital banks, the Joint Funds Bank Inc which was transferred to the Savings Deposit Insurance Fund of Turkey, the foreign-capital banks and the development and investment banks between 2003 and 2014. 
Conclusion
6.
Banks' doing business in productive or unproductive ways, changes in productivity over time, and sources of these changes are of interest not only to the banks in question, but also to other sectors, customers, countries, policy makers and researchers. Knowing if and why these banks are productive and using this knowledge to increase their productivity through new strategies will increase banks' productivity and competitiveness and positively affect the sectors with which they interact.
In our study, which analyzed the total factor productivity of 42 banks that were actively operating in Turkey's banking sector between 2003 and 2014, we conducted a detailed analysis of total factor productivities and their components of the banks using the output-oriented Malmquist Total Factor Productivity Index under the assumption of constant returns with respect to scale.
We determined that there was on average a 5.2% increase in the total factor productivity of banks from 2003 to 2014. The sources of this increase were a 2.5% average increase in the technical efficiency change index and a 2.7% increase in the technological change index. In other words, banks managed their existing production factors well and operated at the optimal production scale. In the same period, we found an increase in the total factor productivity in all years except for 2006-2007, 2010-2011 and 2013-2014. It can be said that 18 of the 42 banks in our study were unproductive, while the remaining 24 banks were productive. The results of this study are limited to the data received from the banks for the analysis period, the input and output variables used and its method of analysis. Using a different period, other variables and methods may lead to different results.
